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ABSTRACT 
We have developed, used and evaluated Spelling Bug, a 
computer program designed for teachers and students in 
primary school classrooms, in three schools in Brisbane 
over 1.5 years. We evaluated how learner-adaptive 
computer programs can be successfully integrated in 
primary classrooms in situ, using observations, interviews 
and computer-based data logs. The study found 
participating teachers felt time poor and they did not 
priorities learning to use new technologies. However, if 
they find add-on value they use the technology to 
complement traditional teaching. The response to using 
Spelling Bug was positive from both teachers and 
students. Students enjoyed a new task for working with 
spelling and they responded positively to the individual 
challenge the computer program set up for them. 
Teachers were pleased to find their students working 
independently and found time to support individual needs 
in the classroom. Retrieving information from a computer 
program gave support for teachers when making 
decisions on how to proceed with their teaching and 
presenting to parents. 
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INTRODUCTION 
Many studies aim to develop an effective artificial tutor to 
support students in their learning (Koedinger et al., 1995; 
Conati et al., 2002; Aleven et al., 2006). The obvious 
benefit with such systems is that an artificial tutor is 
ready to help just when the student needs support or 
clarification. The primary motive is based on the well-
established theory that the best learning occurs with one 
tutor to one student. Artificial tutor systems have shown 
major success in tests with students at high school and 
university level. However, most systems are built for only 
individual use such as homework help.  
In primary school classrooms, teachers have classes of 
25-30 students. Despite such a student load, schools and 
parents expect teachers to provide individual teaching. 
Teachers need to meet a variety of demands, including 
curriculum development, result reporting, while 
accommodating to individual student needs.  
Magic Spell is an example of software designed for 
primary school classrooms (Bodén, 2004). This software 
integrates spelling training into the classroom. Bodén 
found that the probability of correctly spelling novel 
words increased during the trial. The study identified the 
need to have software built for classroom environments 
that is beneficial for students and provides add-on value 
for teachers.  
In this article, we take a step back in the evolution of 
educational technology to investigate how we can use 
technology for training spelling in primary school 
classrooms. Building on Bodén’s (2004) findings we 
designed a single interface with two different underlying 
algorithms for selecting words to spell that challenge the 
student while keeping their success at a steady 
encouraging level. With the system, students can get 
more spelling practice than is practically possible in a 
traditional classroom—in a fun and individually 
supported way. When students work with the system, 
teachers have more time to provide other students with 
individual help.  
The results we present here are based on a qualitative 
study, focused on observations and interviews about our 
trial performed in primary school classrooms. The aim 
was to find out users’ experience from working with a 
learner-adaptive computer program in the classroom. 
RELATED WORK 
Learner-adaptive software based on student modelling is 
commonly referred to as Intelligent Tutoring Systems 
(ITS) and is one of the most popular approaches in 
computer-aided education (Conati et al., 2002; Koedinger 
et al., 1995; Aleven and Koedinger, 2002; Millán and 
Pérez-de-la-Cruez, 2002). Student models gradually adapt 
to reflect their users’ behaviour. ITSs can, based on a 
student model, predict how to best challenge the student. 
Existing intelligent tutoring systems tend to focus on 
instructional support in mathematics and science at high 
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school levels, e.g. ANDES (Conati et al., 2002) and PAT 
algebra tutor (Koedinger and Andersson, 1995). Sklar and 
Pollack (2000) explored an alternative method for user 
adaptation, which they call Evolution of Educational 
Content (EEC). Sklar and Pollack used typing as their 
application area but concluded that EEC could suitably be 
applied to any area in education. EEC does not build a 
model of the student’s behaviour but rather chooses 
activities based on immediate patterns of success.  
The aforementioned studies have all reported great 
technical success of how well the adaptations find an 
appropriate level of difficulty. To investigate how well 
these systems will support teachers and students, it is of 
importance to implement learner-adaptive systems in real 
classrooms and have students and teachers using the 
program. 
Bodén (2004) showed that EEC can be applied 
successfully in the domain of spelling. Bodén also found 
support for the need to design computer software to 
complement teaching practice. Teachers who participated 
in the study were very positive of how the system seemed 
to engage individual students. Interviews established that 
teachers want to retrieve more information from the 
system, supporting individual student appraisal. Another 
finding from the Bodén study was how students naturally 
interact with each other even during individual work. This 
raises questions regarding the suitability of the ITS 
student modelling approach when used in everyday 
classroom settings rather than experimental evaluations. 
In our current study, we compare how well two methods 
adapt in real primary school classroom environments—
one method based on a student model, one based on the 
EEC method. 
Spelling Bug 
Spelling Bug is a computer program for training spelling 
targeted for middle primary school students (8-10 year-
olds). The interface was designed together with two 
primary school teachers in an earlier study (Bodén, 2004) 
to suit a collaborative classroom environment with all its 
ongoing activities. At first the software was designed to 
only support students in their training but after observing 
a need of information and data collection for teachers, a 
reporting module was added to Spelling Bug. Spelling 
Bug uses learner adaptation, which results in the 
computer program providing the student with words 
appropriate to their individual skill level. First time the 
student starts working with Spelling Bug, the program 
randomly picks one adaptive model, EEC or student 
model, for the student. The student will keep working 
with the same adaptive method throughout the test period. 
When the student works with Spelling Bug, the program 
chooses six words for the student to spell (See Figure 1). 
The screen shows 
six empty boxes 
and at the 
beginning of each 
box is a button for 
listening to which 
word to spell. The 
student works 
through spelling the 
words at his/her own pace. When the student is ready, 
he/she clicks on a button for spell check. Students can 
choose to check spelling after each word or when they 
have attempted spelling all six words.  
Spelling Bug indicates an incorrectly spelled word and 
the student has to correctly type the word before being 
able to continue to the next stage. When the student has 
spelled four out of six words correctly, he/she is rewarded 
with a jellybean, shown on the screen. The software 
system has a more general reward system, which is a 
world of animated bugs. After collecting six jellybeans 
the students are rewarded with a bug to be put in their 
collection. Bugs can be traded with other students. The 
bugs eat the jellybeans the student has collected. 
As students make progress, the system generally moves 
on to more advanced words. Using either a student model 
or EEC, Spelling Bug makes sure students explore 
different “spelling patterns” at a pace that suits their skill 
level. 
Teachers can access information collected from each 
individual student to see which spelling pattern they have 
seen and how well they succeeded with them. It is also 
possible to see how all students in one group have 
managed a particular spelling pattern or how levels of 
difficulty are varied in the class. 
CONTEXT 
Spelling Bug was tested over a period of 1.5 years in 
three different primary schools in Brisbane’s inner-
suburbs. The schools were approached with a written 
letter and then signed up if the principal agreed to allow 
the school to participate. Once approved, we made 
contact with school’s existing grade 4 teachers; we 
presented Spelling Bug and asked if they would like to 
participate in the study. Only teachers with their classes 
who volunteered to participate were included in the study.  
Spelling Bug was installed on computers in the school’s 
computer laboratory and on existing computers in 
participating classrooms. All schools had a combination 
of computers older than five years and computers that 
were two or three years old. In all classrooms three or 
four PCs are typically found along one wall at the back of 
the classroom.  
In pre-interviews, teachers were found to have a similar 
approach to teaching spelling. All students were given 
between 10 and 20 words to learn to spell as homework 
each week. Words were selected by teachers from themes 
according to areas of study, e.g. Adventurers and climate 
zones. Children were asked weekly to learn how to spell a 
selection of words. To motivate them, teachers used a 
variety of strategies often included in the homework, such 
as write the words in fancy writing, look up the words in 
the dictionary, and write the words in alphabetical order. 
On the day of handing in the spelling, students were 
tested on their weekly spelling words. 
In terms of technology used in the classroom, two of the 
participating teachers use a Smart Board. No teachers 
used other specific computer programs in their teaching. 
Teachers said they book the computer laboratory when 
they want their students to use the Internet for researching 
facts and when they need them to write up work in a word 
processor. One school had educational games on their 
computer but they did not use these as part of their 
teaching. One teacher said “It’s really good to reward 
Figure 1: Screen shot of student 
feature. 
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some of the boys when they have been good. I say they 
can go and have a play on the computer for five minutes. 
They just love that!” –T3 
When teachers were asked if they had thought about how 
computers and software could be used in teaching, none 
of them had any idea of how this could work. Teachers 
again spoke about using internet for researching areas of 
study and using word processing for typing reports and 
essays. 
Evaluation methods 
To focus the study following research question was 
formulated: 
How effectively do the two learner-adaptive methods, 
student-model and evolution of educational content, 
support teaching and learning in a collaborative 
classroom environment? 
 
As the research question prompts several considerations 
we have chosen to particularly analyse the test by 
investigating educational goals, which centre on the 
system’s ability to provide suitable curriculum-based 
educational experiences and experiential goals, which 
focus on how effectively the computer system conveys 
educational material to students. 
All three schools in which Spelling Bug was deployed are 
relatively small schools (between 350 – 550 students) 
located in relatively affluent areas and with great support 
from their local community. The study needed students 
who had earlier experience of working with spelling 
training and who had reached an age when they would be 
able to freely speak about their thoughts on using 
Spelling Bug. Grade four students are well within 
recommended age for testing computer software (Hanna, 
Risden and Alxander, 1997) and we included all grade 
four students at each school involved. In total 175 
students and seven teachers have used Spelling Bug. 
Teachers were asked to allow their students to work with 
Spelling Bug for a minimum of 15 minutes per week. 
Each teacher was interviewed at the start of the study to 
learn about their methods for teaching spelling, and their 
experience with and thoughts on computer software. Post 
testing, a second interview was conducted with teachers 
to find out their experiences of working with Spelling 
Bug.  
Groups of students (4-5 students in each group) were 
interviewed in semi-formal sessions before using Spelling 
Bug. Individual students were randomly picked after 
finishing the use of Spelling Bug for interviews on their 
experiences of using Spelling Bug. 
Once a week through the whole test period (school1:1 42 
weeks, school2 & 3: – 11 weeks each), researchers visited 
the participating schools to observe the activities in the 
classroom. The observations were recorded as diary notes 
after each session. 
To compare the two learner-adaptive methods, student-
model and EEC, a computer log of all activities was kept.  
PRELIMINARY RESULTS 
A great amount of data has been collected and we are 
currently in the analysis phase. Quantitative data from the 
computer log is yet to be more thoroughly analysed. This 
article focuses on reporting some of our initial findings 
from the qualitative part of the study.  
Spelling Bug received a very positive response from both 
teachers and students involved in the study. Students who 
were considered low performers in spelling and who 
normally would try to not work with spelling came asking 
for a turn with Spelling Bug. A student who is considered 
a low performer by his teacher said, “I normally hate 
working with spelling but this program is not bad at all.” 
–A1 
Students would spell an average of 60 words during 10 
minutes, compared to when they only worked with their 
10 or 20 weekly spelling words. One female student told 
us, “Last week I got back my report from Mrs X, I 
normally have to rewrite my report because I have so 
many spelling mistakes. But I think I’m better [at 
spelling] now and Mrs X said it’s probably because I’ve 
worked with Spelling Bug so much.” –A2 
It was slow to get teachers to start interacting with the 
teacher part of Spelling Bug. Teachers were told about 
this part of the software from the beginning but they did 
not seem keen on actually looking at it. When teachers 
were writing report cards however, they came and asked 
for help to get started with using the teacher part. Once 
the teachers had initiated the help, they saw the benefits 
of using this kind of computer software in their teaching. 
A teacher said: “Look at this student! I really have to go 
through the rules for magic “e”. He should know this by 
now.” –T2. One teacher spoke of how the computer 
program produced much more proof of how students are 
progressing than she would be able to collect during a 
whole year. The teacher said “Now I can prove to the 
parents what I have been saying all the time.”-T2 
Spelling Bug inspired the teachers involved in the study 
and all of them have asked for continuing access to use 
Spelling Bug with their classes. Another teacher said, 
“Can we start using Spelling Bug at the beginning of the 
year? I want to plan for continuously keeping track of 
how the students are doing [progressing], I can use this 
data to group my kids and give them lessons on the 
spelling rules they don’t know.”. – T3 
As a classroom is a natural environment for children 
where they interact by chatting and helping each other all 
day, it was one part of interest for how our learner-
adaptive methods would perform. When observing the 
students working by the computer we found that it was 
only for a short period of 1-2 minutes the students would 
chat and interact with each other. Once the students 
started working with Spelling Bug, they quickly were 
absorbed in spelling and working towards receiving a 
new bug. There would be a single student who would be 
keen on trading a bug with one of his/her classmates 
when starting up Spelling Bug but as most of the students 
were more keen on being rewarded the single student 
never had anyone to trade with and therefore had to wait 
until the end of a session when other students were happy 
to trade bugs. The teachers particularly expressed their 
appreciation of a simple interface and software with a 
quick start up and shut down. The short start period 
means students move faster between different tasks 
without missing important teaching time. 
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DISCUSSION 
All participating teachers and students were very positive 
about working with Spelling Bug. One main contributor 
to this positive response can be due to the choice of 
iterative and participatory design process. The researcher 
spent several hours participating in classroom activities 
with the aim of learning the culture and how to design 
suitably for the environment. Teachers and students were 
constantly asked for feedback which would then be 
considered before making changes.  
Even though we knew the teachers were positive about 
Spelling Bug, we were surprised when we learnt about 
how teachers had spoken to other colleagues about their 
students’ positive feedback from using the computer 
software. The rumours of Spelling Bug have spread 
among teachers at different schools in the Brisbane area 
and as a result we have received further requests about 
participating in the study. 
When the interface for Spelling Bug was built, it was 
based on the findings from an earlier research study 
(Bodén, 2004) where the teachers wanted a simple 
interface. Spelling Bug is very plain and does not contain 
other distracting activities but just focuses on spelling. 
Out of the total participating students we had around 20 
who had been diagnosed with learning disorders such as 
autism, Aspbergers, ADD and ADHD. Nevertheless, it 
was found that all students worked well with the 
software. One boy, diagnosed with autism was considered 
not suitable to work with Spelling Bug by his teacher. 
The boy used to sneak around and watch when the other 
students were working with Spelling Bug. After a few 
weeks into the trial, the boy asked his teacher if he could 
try Spelling Bug so the teacher approved. After another 
few weeks with Spelling Bug the teacher said, “This is 
amazing! For the first time this year A12 is interacting 
with the other classmates on the same terms as everyone 
else. He is superior to most of his classmates when it 
comes to spelling but watching him engaging with the 
other students at the end of a session and negotiating 
trading of bugs is fantastic. The student accepts when 
other students do not want to trade, without throwing a 
tantrum. He is negotiating. If I didn’t know I would think 
he is just like one of the other boys”. 
We have encountered many difficulties when running a 
research study in primary schools, particularly regarding 
the lack of functioning computers in the classrooms. 
Some of the schools work with quite old equipment. 
Computers without sound cards or computers set up with 
low resolution screens over 10 years old were found. The 
school network is also slow and often the staff member 
responsible for IT was self taught with only narrow 
insights into networks and their functionality. It is 
typically difficult for classroom teachers to find help 
when they need it and in particular to get the support that 
may help them to learn more about the technology. Even 
less knowledge seems to exist among teachers about how 
modern technology can actually be used to support them 
in the classroom and complement their teaching. 
CONCLUSIONS AND FUTURE WORK 
Spelling Bug has received positive feedback from its user 
groups, teachers and students. As the analysis of the study 
presented here is not final, our findings on how users 
experienced working with Spelling Bug are still only 
preliminary. To begin with teachers were positive to 
letting their students work with computer-based software 
when training spelling but they did not see much benefit 
for their own use. Once the teachers used the teacher part 
they found this a good support for their decisions on how 
to continue working with individual students. Teachers 
expressed their enthusiasm for the information they could 
retrieve from the computer system, showing individual 
students’ progress. Using learner-adaptive software as a 
complement to more traditional classroom teaching is 
beneficial for teachers as they can see more detailed 
information of a student’s progress over a period. 
Teachers do not have much time to learn new technology 
but when the technology fits well with their practice and 
facilitates new developments, the teachers will see the 
benefits and make the effort to use it.  
Students found Spelling Bug a pleasant complement to 
other spelling training. Particularly students who are 
considered low performers by their teachers and students 
who had difficulties with concentration showed a greater 
interest in working when they were using Spelling Bug. 
The teachers said that many students would concentrate 
on their handwriting with their traditional tasks but the 
computer software allowed the students to focus on 
working through a greater amount of words while typing 
on the computer. This preliminary analysis has 
demonstrated that Spelling Bug has been a success in 
terms of integrating with typical classroom settings and 
teaching practice. The next stage will be to analyze 
quantitative data to see what it tells us about the 
effectiveness of the two competing models, EEC and 
student model. 
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